Abstract. Many standardized techniques are used to monitor terrestrial salamanders, but fewer protocols have been tested for inventorying stream-dwelling salamanders, especially larvae. One new method uses arti cial refugia (leaf litterbags) placed in shallow streams. To test the utility of litterbags, we sampled three transects of 6 litterbags each (2 large, 2 medium, and 2 small) placed in ve small, medium, and large streams in Great Smoky Mountains National Park, an area of high aquatic salamander diversity. We captured 690 larval, juvenile, and adult stream-dwelling salamanders of 11 different species from June to November 2000 in the 90 litterbags. Large and medium-sized litterbags were most effective at sampling salamanders in small streams, but all bag sizes worked equally well in medium and large streams. The number of salamanders captured varied seasonally, with most captures in June and July. The depth of bag submergence signi cantly in uenced litterbag use by adult and larval salamanders, but had no effect on juvenile salamanders. Although the technique was effective for determining the presence of many salamander larvae, variation in the numbers of individuals captured and the inability to relate captures to overall abundance make it impossible to monitor trends without considerable additional effort. The ease of deployment and non-destructive methodology suggest that litterbags could be useful in determining salamander presence during inventory programs, especially when the time to sample a large number of sites is limited.
Introduction
The diversity and abundance of salamanders in eastern North America suggests that they play important roles in nutrient cycling and energy ow in certain ecosystems Jayme L. Waldron, C. Kenneth Dodd Jr., Jeffrey D. Corser (Burton and Likens, 1975; Wyman, 1998; Petranka and Murray, 2001) , thus making knowledge of their status critical to natural resource managers and others concerned with ecological processes. In addition, reports of declining amphibian populations in many parts of the world have created a need for standardized inventory and monitoring techniques that allow for the detection of population trends through time (Heyer et al., 1994; Olson et al., 1997; Gent and Gibson, 1998; Mitchell, 2000) . Detecting trends in salamander populations may be especially dif cult because: (1) activity, and therefore detectability, is in uenced by many ecological and environmental variables and makes capture problematic; and (2) few individuals normally are recaptured during mark-recapture studies making population estimates unreliable. An optimally effective survey technique would be one that circumvented or at least minimized these dif culties.
The southern Appalachian Mountains of the eastern United States contain a particularly rich salamander fauna (Petranka, 1998) , and 31 species have been reported from the Great Smoky Mountains National Park (GSMNP), Tennessee and North Carolina (Tilley and Huheey, 2001; Dodd, in press ). Small mountain streams often contain many species of salamanders (Hairston, 1949) , where semito nearly fully aquatic salamanders are top predators and play important roles in community structure (Hairston, 1986 (Hairston, , 1987 Beachy, 1993 Beachy, , 1994 . In such areas of high species richness (e.g., 9 species of Desmognathus and 5 species of Eurycea inhabit GSMNP), surveying and monitoring larval and semi-aquatic salamanders can be dif cult considering the area to be covered (e.g., 2071 km 2 in GSMNP) and the logistics of moving between study sites. Larval salamanders also are dif cult to survey because of the secretive behavior of many species and their nocturnal activity. There are several sampling techniques, including quadrat, transect, and removal sampling (Jaeger, 1994; Jaeger and Inger, 1994; Bruce, 1995; Mitchell, 2000) , that are used to monitor population trends of larval and adult semi-to nearly aquatic salamanders, but these techniques require large amounts of time and effort and thus restrict the number of sites that can be monitored. Such techniques do not lend themselves to large-scale surveys.
Recently, Pauley and Little (1998) used leaf litterbags to sample stream-dwelling salamanders. Leaf litterbags consist of mesh netting stuffed with leaf litter and weighted to the stream bottom. In theory, the packed leaf litter attracts salamanders seeking shelter and refuge, especially in streams where leaf litter packs are seasonally scarce, as they are during spring and summer months in GSMNP. The variable-sized mesh allows free entry and exit. The bags can be left in the streams without the danger of trapping salamanders inside, thus avoiding the need for constant bag checks. Litterbags have been used to sample stream-dwelling salamanders in survey and monitoring projects in the eastern United States (Pauley, 1995; Jung et al., 2000) . However, speci c information on assembly and deployment of litterbags has not been standardized, and the usefulness of litterbags in monitoring salamander populations has not been evaluated critically.
